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FOREWORD 

This  research  was  supported  by  the  Advanced  Research 
Projects  Agency  of  the  Department  of  Defence  and  was 
monitored  by  the  Air  Force  Office  of  Scientific  Re- 
search under  Grant  AFOSR-72-2 305 . 


ABSTRACT 


The  surface  wave  detection  capability  of  the  Kongsberg 
HGLP-system  has  been  investigated  for  some  areas.  The 
detection  capability  varies  strongly  from  one  egion  to 
another.  The  detection  threshold  for  events  in  Central 
Asia  is  on  the  average  at  least  0.5  mb  units  higher 
than  for  events  in  Iran-Afghanistan  area  at  about  the 
same  epicentral  distance. 

For  explosions  in  the  Kazakh  area  body  wave  magnitude 

6 is  required  to  excite  surface  wave  trains  visible  at 
Kongsberg. 

A phase  change  of  n has  been  found  between  the  Rayleigh 
wave  trains  from  two  presumed  underground  nuclear 
explosions  in  Eastern  Kazakh.  The  Love  wave  recordings 
from  the  same  explosions  showed  unexpectedly  large 
amplitude  difference. 
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INTRODUCTION 

The  High-Gain  Long-Period  (HGLP)  seismograph  system  at 
Kongsberg  (KON),  Norway,  was  installed  in  September 
1971  as  part  of  the  world-wide  system  of  Very  Long 
Period  (VLP)  instruments.  Such  instruments,  described 
by  Pomeroy  et  a].  (1969),  have  now  been  installed  at 
10  different  sites  (Fig.  1)  chosen  to  cover  the  main 
seismic  zones  of  the  world.  Eacn  site  is  equipped  with 
one  set  of  a three-component  seismometer  system.  The 
seismometer  output  is  differently  filtered  to  give  two 
sets  of  seismograms,  ZHI,  EH I , NHI  and  ZLO,  ELO,  NLO,  and 
Fig.  2 shows  the  response  curve  of  the  vertical  component 
(ZHI)  of  the  KON  HGLP  station.  The  interval  of  maximum 
response,  30-50  sec,  coincides  with  the  interval  where  the 
power  spectrum  of  the  microseisms  seems  to  have  a stable 
minimum  throughout  the  world  (Savino  et  al.  1972a,  Murphy 
et  al.  1972,  Sorrels  et  al.  1971),  and  the  response  curve 
is  closely  resembling  the  inverse  of  the  average  noise 
spectrum  for  periods  between  10  and  100  sec  (Savino  et  al. 
1972a)  . This,  together  with  a strict  environmental  and 
instrumental  control,  has  enabled  a peak  magnification  of 
about  100K. 

The  objective  of  the  HGLP  stations  was  to.,  acquire  more 
information  on  the  very  long  periods  of  seis.nsic  waves 
(Savino  et  al.  1972b) . Besides,  one  would  expect  these 
instruments,  on  account  of  the  extremely  high  magnification, 
to  increase  the  total  number  of  detected  events.  Savino  et 
al.  (1972a)  found  that  the  HGLP  station  in  Ogdensburg  re- 
corded approximately  10  times  as  many  earthquakes  as  the 
three-component  set  of  World-Wide  Standardized  Seismographs 
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(VJWSS)  at  the  same  site.  Also,  Savino  et.  al.  (1972b) 
found  that  a World-Wide  network  of  8 I1GLP  stations  was 
able  to  detect  a total  number  of  events  considerably 
higher  than  the  number  of  events  reported  in  the  Prelimi- 
nary Determination  of  Epicenters  (PDE)  listings  of  the 
National  Oceanic  and  Atmospheric  Administration  (NOAA) , 

US. 

The  KON  HGLP  station  is  located  close  to  the  Norv/egian 
Seismic  Array  (NORSAR) , which  plays  a prominent  part  in  the 
detection  and  discrimination  of  earthquakes  and  underground 
nuclear  explosions.  Since  the  most  useful  identification 
criterion  attained  so  far  is  based  on  the  relative  dD  ff er- 
ence  in  body  wave  magnitude  (m^)  and  surface  wave  magnitude 
(M  ) for  earthquakes  and  explosions  (Evernden  1969,  Savino 
et  al.  1971),  a successful  identification  is  often  dependent 
on  the  recording  of  the  surface  waves.  Savino  et  al.  (19/1) 
defined  the  regional  discrimination  threshold  as  the  smallest 
m^  for  which  measurable  surface  waves  from  all  earthquakes  in 
a given  area  are  recorded.  Thus,  the  recording  of  surface 
waves  is  essential  in  order  to  lower  the  threshold  value,  and 
jn  this  respect  the  KON  HGLP  station  (and  other  HGLP  stations) 

might  be  helpful. 

The  purpose  of  this  investigation  has  been  to  study  the 
detection  capability  of  the  KON  HGLP  system  for  events  from 
different  regions.  In  connection  with  the  identification 
problem,  the  Central  Asian  area,  including  the  Kazakhstan 
and  Western  Russia  test  sites  for  underground  explosions,  is 
of  special  interest. 
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REGIONAL  DETECTABILITY  OF  THE  KONGSBERG  HGLP-STAT1CN . 

The  events  reported  in  the  PDE  listings  of  NOAA  have  beer 
used  as  a basis  of  comparison  in  the  measurement  of  the 
regional  detection  capability  of  the  Kongsberg  HGLP  station. 
All  events  in  the  time  period  September  72  - May  74  from 
selected  epicenter  regions  have  been  picked  from  the  PDE 
lists,  and  the  seismograms  from  Kongsberg  have  been 
thoroughly  searched  for  these  events.  Using  the  numbering 
system  of  Flinn  and  Engdahl  (1965)  for  geographical  regions, 
the  selected  epicenter  areas  are:  321-406,  633-658  and 
713-726.  Fig.  3 shows  the  obtained  epicenter  map.  Events 
occurring  in  time  periods  when  the  Kongsberg  HGLP  was  not 
operating,  and  events  which  we  were  not  able  to  separate 
from  other  interfering  events,  have  been  removed  from  the 
map.  Events  detected  by  Kongsberg  HGLP  system  are  marked 
with  a square,  while  the  crosses  denote  the  undetected 
events . 

The  detectability  of  Kongsberg  HGLP  system  for  5 epicenter 
regions  is  shown  in  the  form  of  histograms  in  Figs.  4-6. 

The  detectability  as  compared  to  NOAA  is  varying.  The 
histograms  for  the  Arctic  zone  and  the  Atlantic  ocean 
(Fig.  4)  and  the  Iran-Af ghanistan  region  (Fig.  5)  show  that 
almost  all  events  reported  by  NOAA  from  these  regions  have 
been  detected  by  the  Kongsberg  station,  so  no  exact  detection 
limit  can  be  established  from  this  data  set. 

The  histogram  from  the  Mediterranean  area  (Fig.  5)  shows 
a greater  percentage  of  undetected  events.  This  seems 
partly  to  be  caused  by  a better  NOAA  detectability  for  this 
area,  more  low  magnitude  events  being  reported  from  this 
region  than  from  the  others,  but  also  by  a somewhat  poorer 
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detection  capability  for  Konysberg  HGLP  system.  Many 
events  with  magnitude  up  to  4.3  jrc  not  detected. 

The  last  region  to  be  discussed  is  the  Hindu  Kush  ana 
Pamir  area,  and  the  histogram  in  Fig.  6 (top)  shows  that 
merely  events  of  magnitude  mb  > ca5  are  rccoraed  at  Konysberg. 

The  resuit  for  this  region  should  be  compared  with  the 
histograms  from  the  Iran-Ai'ghanistan  area  (Fig.  5)  since 
these  two  regions  are  located  near  each  other  and  are  at 
about  the  same  distance  from  KON.  The  evident  difference 
in  the  sets  of  events  from  the  two  regions  lies  in  the 
difference  in  focal  depths.  Iran-Af yhanistan  events  are 
normally  shallow  while  many  Hindu  Kush  events  are  deep  and 
not  likely  to  generate  strong  surface  waves.  However,  this 
can  not  fully  explain  the  many  undetected  events.  Fig.  6 
(bottom)  shows  a histogram  of  the  shallow  (h  < 100  km) 

Hindu  Kush  and  Pamir  events,  and  as  can  be  seen  this  histo- 
gram is  not  significantly  different  from  that  of  all  events. 

It  must  be  concluded  that  the  detectability  of  the  KON  HGLP 
station  for  events  from  this  area  is  poor. 

The  use  of  the  NO/vA  reported  events  as  a measure  of 
seismicity  is  not  quite  satisfactory.  The  WWSS  network,  on 
which  the  NOAA  reports  are  based,  also,  of  course,  has  its 
detection  limits,  and  these  we  do  not  know.  The  histograms 
(Figs.  4-6)  show  that  for  each  of  the  epicenter  regions  the 
distributions  of  the  events  with  magnitude  are  different, 
indicating  that  the  detectability  of  the  WWSS  network  is 
also  varying  from  region  to  region.  Therefore,  we  have 
not  tried  to  establish  any  absolute  detection  limits  for  the 
KON  HGLP  station. 


t. 
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The  encircled  events  on  Fig.  3 are  presumed  explosions  in 

Kazakhstan  and  Western  Russia.  AID.  explosions  in  this  area 

in  the  time  period  September  72  - May  74  are  listed  in 

Table  1.  Only  two  of  these,  both  from  Eastern  Kazakhstan, 

have  been  recorded  at  KGN,  while  several  explosions  with 

m,  > 5.5  have  not  been  detected.  There  are  no  earthquakes 
b 

to  compare  with  from  the  explosion  area,  so  it  is  hard  to 
tell  whether  this  poor  detectability  is  tied  to  explosion 
source  characteristics  alone  or  if  it  would  be  valid  for 
other  sources  in  the  same  area  as  well.  However,  the 
seismic  active  area  closest  to  the  explosion  areas  is  the 
Hindu  Kush  and  Pamir  region,  and  there  might  be  a common 
reason  for  the  lack  of  surface  waves  from  earthquakes  in 
this  region  and  from  explosions  in  Central  Asia.  Wave 
trains  from  earthquakes  and  explosions  will  be  discussed 
later  in  this  report. 

The  KON  HGLP  station  has  been  observed  to  record  many 
events  not  reported  in  any  seismic  bulletin.  No  syste- 
matic investigation  in  order  to  map  the  amount  and  epicenter 
distribution  of  these  events  has  yet  been  performed. 
However,  from  the  dispersion  characteristics  of  the  wave 
trains,  we  conclude  that  many  of  these  unidentified  events 
occur  on  or  near  the  Mid-Atlantic  Ridge.  In  Fig.  7 we  have 
shown  as  an  example  the  ZHI-recording  of  an  event,  which  has 
not  been  reported  by  other  agencies. 


SPECTRAL  COMPOSITION  OF  EVENTS 


FROM  DIFFERENT 


REGIONS. 


Even  Is  from  different  regions  have  beer,  selected  for 
frequency  analysis.  Normalized  amplitude  spectra  of 
wave  trains  from  some  events  are  shown  in  Figs.  8-13. 

The  spectra  are  not  corrected  for  instrument  response, 
and  no  smoothing  has  been  applied. 

The  spectral  composition  of  surface  waves  from  events 
in  Central  Asia,  i.e.  the  earthquakes  in  Sinkiang  and 
Tadzhik,  and  the  explosions  in  Kazakh,  seems  to  bo 
different  from  the  spectral  composition  of  events 
from  other  regions.  This  is  most  pronounced  for  Ray- 
leigh waves;  the  majority  of  the  Central  Asian  events 
have  relatively  more  high  frequency  energy  than  events 
m other  regions.  A significant  part  of  the  energy  in 
the  Rayleigh  wave  trains  from  Central  Asia  is  distri- 
buted at  frequencies  above  0.05  Hz  (where  the  instru- 
ment response  (Fig.  2)  is  rapidly  decreasing),  and  this 

is  the  case  for  both  earthquakes  and  explosions  (Figs.  9, 
10  and  11 ) . 

However,  there  are  examples  of  events  which  do  not  fit 
quite  well  into  this  picture  (Fig.  8). 

Since  the  spectra  presented  are  amplitude  normalized  thc-y 
do  not  clearly  point  out  whether  the  majority  of  the 
Central  Asian  events  are  characterized  by  enrichment  of 
high  frequency  Rayleigh  wave  energy,  or  simply  by  the 
absence  of  low  frequency  energy.  However,  one  notices  tha 
when  Love  waves  are  present,  their  energy  distribution  docs 
not  vary  significantly  from  one  region  to  another.  (Figs. 
9,  10  and  12) . 
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Of  the  two  Tadzhik  earthquakes  (Figs.  8 and  9)  only  one 
has  well  developed  Love  waves.  The  same  is  true  for  the 
two  Kazakh  explosions  (Fig.  18)  and  in  both  cases  the 
Love  waves  have  an  energy  distribution  not  very  differ- 
ent from  that  of  events  from  other  regions  (Figs.  .11  and 
12)  . 

The  HGLP-ins t rumen ts  were  designed  to  have  the  peak  re- 
sponse where  the  earth  noise  has  its  minimum.  The  earth 
noise  is  varying  both  with  the  time  and  as  a function  of 
frequency  and  sometimes  the  changes  are  very  rapid. 

(Rygg  and  Bruland,  1974). 

To  get  an  estimate  of  the  average  noise  situation  we  have 
selected  12  minutes  long  samples  from  each  seismogram  and 
prepared  weekly  and  monthly  power  spectral  density  averages. 
By  such  a procedure  one  may  of  course  average  out  signifi- 
cant details,  but  due  care  has  been  taken  in  selecting 
representative  samples. 

In  lig.  14  the  ZHI  average  noise  power  spectrum  for  one 
winter  month  is  shown  together  with  the  power  spectrum  of 
a Kazakh  explosion.  It  is  evident  that  under  such  (extreme) 
noise  conditions  the  lower  frequency  surface  waves  (0.02  - 
0.05  Hz)  are  as  likely  to  be  detected  as  the  Continental 
Airy  phase,  even  if  the  latter  arrives  with  greater  energy 
concentration  (in  time) . 
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SURFACE  WAVES  FROM  KAZAKH  EXPLOSIONS 


Two  events  in  Table  I are  of  particular  interest  and  have 
been  subject  to  some  detailed  investigations,  /ipart  from 
being  the  only  explosions  in  Eastern  Kazakh  that  have  beer 
detected  by  the  Kongsberg  system,  the  surface  wave  trains 
of  these  events  show  some  surprising  discrepancies. 

The  two  events  are  the  Kazakh  explosions  on  10  December  1972, 
04:27:08.4  (NOAA)  and  on  23  July  1973,  01:22:57.8  (NOAA) . 
Actually,  on  10  December  1972  2 explosions  are  repor  ed 
(04:26:57.6  and  04:27:08.4),  but  according  to  the  statistics 
given  earlier  in  this  paper  (Table  1)  one  would  not  expect 
visible  surface  wave  recordings  at  Kongsberg  from  the  first 
of  these  events.  (mfa  = 5.7  NOAA,  mfa  = 5.5  NORSAR) . Further- 
more, the  surface  wave  train  looks  like  it  stems  from  one 
event  only;  (Fig.  16)  with  no  amplitude  modulation  which 
is  characteristic  for  added  dispersive  wave  trains  from 
multiple  events. 

We  have  tried  to  resolve  the  complete  signal  into  a spike 
series  convolved  with  a characteristic  signal  by  using  a 
complex  cepstrum  technique  (Linville  1971,  Tsai  1972),  but 
with  no  success.  However,  it  should  be  pointed  out  that 
the  composite  wave  train  from  two  events  separated  in  time 
by  about  10  seconds  would  result  in  a modulation  oi  the 
spectrum  with  a "hole"  at  around  0.05  Hz,  and  this  appears 
to  be  the  case  (Fig.  11). 

Still,  we  do  believe  that  the  surface  wave  train  recording 
of  10  December  1972  stems  from  the  last  of  the  two  explo;.  ^ons 
only,  and  the  most  conclusive  evidence  can  be  found  from  the 
travel  times.  From  this  area  the  arrival  times  of  the  surface 


waves  ran  be  very  accurately  determined,  and  even  small 
deviations  will  be  discovered  when  using  both  Hie  NOKSAR 
and  the  Kongsbcrg  recordings. 

In  the  following  wo  have  used  the  origin  times  and  the 
epicenter  coordinates  given  by  NOAA.  According  to  these 
data  the  surface  wave  trains  should  be  in  phase:  and  in  the 
same  positions  at  10  December,  04:44:00  and  at  23  July, 
01:39:50,  if  the  source  mechanisms  were  identical.  This 
is  the  case  for  the  Love  waves  with  the  accuracy  we  are 
able  t.o  measure.  This  is  demonstrated  on  Fig.  17,  where 
we  have  used  the  NORSAR  recordings  because  of  the  very 
poorly  developed  long  period  Love  waves  at  Kongsberg  of 
the  explosion  23  July  1973  (Fig.  IS). 

However,  if  we  look  to  the  Rayleigh  wave  recordings,  and 
put  the  traces  on  top  of  each  other  at  the  expected  arrival 
times,  we  find  that  they  are  180°  out  of  phase  (Fig.  16). 
Using  the  Kongsberg  recordings  it  is  not  possible  to  check 
small  deviations  in  arrival  times,  but  the  wave  trains 
match  well  when  the  polarity  of  one  of  them  is  reversed. 

This  polarity  change  can,  if  it  is  real,  only  be  caused  by 
differences  in  the  sources.  (It  should  be  added  here  that 
the  polarity  of  the  instruments  has  been  checked  using  known 
events  with  well  defined  long  period  P-wave  signals). 

The  Kongsberg  system  is  a broad  band  system,  and  as  such  it 
permits  comparison  of  very  long  fractions  of  the  wave  trains. 
However,  for  the  USSR  explosions  also  the  NORSAR  long  period 
system  is  very  efficient  since  the  response  is  peaked  around 
the  frequency  cf  the  continental  Airy  phase.  Very  often, 
therefore,  one  experiences  that  this  system  detects  the  USSR 
high  frequency  events  quite  well. 


The  surface  waves  of  the  two  explosions  mentioned  have  both 
been  detected  by  the  NORSAR  LP-system,  and  when  we  put  the 
corresponding  I.PZ-traces  on  top  of  each  other  as  we  did  with 
the  Koncjsberg  recordings,  we  still  get  a poor  match  (Fig.  19). 
Note  that  the  time  scale  is  different,  so  what  is  shown  on 
Fig.  19  is  essentially  the  continental  Airy  phase.  On  re- 
versing the  polarity  of  one  of  the  sets  of  traces  we  again 
get  an  excellent  fit.  Actually,  the  fit  is  so  good  that 
details  of  the  wave  trains  which  at  a first  glance  would  be 
classified  as  microseismic  noise  must  be  interpreted  as  part 
of  the  Rayleigh  wave  train. 

However,  to  get  this  fit  we  had  to  displace  one  of  the  sets 
of  traces  by  some  5 seconds  relative  to  the  expected  arrival 
time.  More  precisely;  using  the  NORSAR  recordings  and 
reversing  the  polarity,  the  continental  Airy  group  of  the 
10  December  1972  explosion  seems  to  be  delayed  by  5 seconds. 

This  is  the  event  for  which  we  discussed  the  possibility  of 
a composite  wave  train  above.  However,  since  the  smallest 
explosion  occurred  about  10  sec  before  the  main  event  this 
finding  corroborates  our  conclusion  that  the  Rayleigh  wave 
train  recorded  was  excited  by  the  largest  event  only.  At 
this  point  we  also  would  like  to  repeat  that  the  Love  wave 
trains  v/ere  in  phase  and  arrived  at  the  expected  arrival 
times  (Cfr.  Fig.  17)  . 

The  Rayleigh  wave  phase  change  that  has  been  documented  by 
comparing  the  vertical  components  is  also  demonstrated  in 
Fig.  20,  where  corresponding  NORSAR  LPEW-recordings  from 
the  two  Kazakh  explosions  have  been  put  on  top  of  each 
other  after  changing  the  polarity  of  one  of  them  and 
adjusting  to  get  the  best  fit. 
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Ay a in  we  notice  the  excellent  fit  in  the  details  of  the 
Rayleigh  wave  trains  and  as  before  the  time  adjustment 
necessary  was  about  5 seconds. 

Finally,  we  return  to  the  love  waves  excited  by  these  two 
explosions.  The  Konysberg  recordings  are  not  scaled,  so 
the  difference  in  amplitudes  shown  is  real.  It  is  sur- 
prising that  the  two  explosions  with  nearly  identical.  Ray- 
leigh waves  have  so  different  Love  wave  amplitudes  (Fig.  13). 
Also,  we  find  from  the  NORSAR  recordings  that  the  explosion 
of  23  July  1973  has  a Love  wave  train  with  long  coda 
contrasting  to  the  other  explosion  (Tigs.  17  and  18). 

In  order  to  check  if  this  complex  coda  might  be  duo  to 
multipathing  we  have  computed  the  wave  number  spectra  for 
the  entire  array  signal  field  for  two  consequtive  time 
intervals;  01:42:00-01:45:00  and  01:45:00-01:48:00. 

However,  the  azimuthal  variations  that  could  be  found 
were  smaller  than  the  resolution  power  of  the  method,  so 
there  was  nothing  in  these  computations  that  led  us  to 
believe  that  different  directions  of  approach  could  cause 
the  complex  Love  wave  coda.  An  example  of  the  wave  number 
spectra  is  given  in  Fig.  21,  and  as  we  see  the  concentration 
of  the  source  and  the  signal  to  noise  ratio  are  the  only 
significant  differences  between  the  t.wo  time  intervals. 
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CONCLUSIONS 

The  detection  capability  of  the  Kongsberg  HGLP  station  is 
found  to  be  strongly  dependent  on  epicentral  region.  The 
Kongsberg  station  detects  most  of  the  events  given  in  the 
PDE  listings  of  NOAA  from  the  Arctic  Zone,  the  North 
Atlantic  Ocean  and  the  Iran-Af ghanistan  area.  The  detection 
threshold  for  these  regions  is  m^  - 4.3  - 4.4  (which  also 
seems  to  be  the  detection  limit  of  NOAA  for  these  regions). 

It  is  also  observed  that  many  events,  which  have  not  been 
reported  by  NOAA,  have  been  recorded  by  Kongsberg.  The 
epicenters  of  these  events  are  believed  to  be  located  on  or 
near  the  Mid-Atlantic  Ridge. 

Contrasting  to  this,  the  Central  Asian  events  are  poorly 
detected  by  the  ilGLP  station  (mb  threshold  about  5.0). 

Surface  waves  from  explosions  in  this  region,  i.e.  in 
Kazakh  and  Western  Russia,  are  rarely  seen  at  Kongsberg. 

The  lack  of  long  period  surface  waves  from  earthquakes  in 
Central  Asia  can  not  be  explained  by  the  deeper  focal 
depths  alone. 

Tne  energy  of  Rayleigh  waves  from  Central  Asian  events 
including  the  explosions  in  Kazakh,  seems  to  be  distributed 
on  higher  frequencies  than  Rayleigh  waves  from  other  areas. 

We  have  demonstrated  some  surprising  differences  between 
the  long  period  recordings  of  two  Kazakh  explosions.  The 
associated  problems  - the  possible  explanations  of  differences 
in  source  locations  and  time  functions  have  only  loosely  been 
approached,  and  will  be  covered  in  a later  report.  At  chis 
stage,  therefore,  we  content  ourselves  with  summarizing 
the  essential  findings: 


I. 
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1.  The  phase  change  of  the  Rayleigh  wave  trains  as 
demonstrated  by  the  Kongsberg  Z and  the  NORS/.R  Z 
and  EW  components. 

2.  The  t: me  displacement  of  5 seconds  necessary  to 
get  the  NORSAR  Rayleigh  wave  recordings  cover 
each  other,  contrasting  with  the  Love  wave  re- 
cordings where  no  time  adjustments  were  necessary 

3.  The  large  difference  between  the  two  events  in 
excitation  of  long  period  Love  waves. 

4.  The  difference  between  the  two  events  in  the  coda 
level  of  the  Love  wave  trains  at  NORSAR. 
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MAGNIFICAT 


VERTICAL  HIGH-GAL”  COMTONEUT  ZHI 


ig.  2 . 


Response  curve  for  the  KON  HGLP 


vertical  instrument 


Epicenter  map  showing  events  reported  by  NO A A from 
the  time  period  September  72  - May  74.  Events  also 
detected  by  the  KON  HGLP  system  are  marked  with 
squares,  while  crosses  identify  undetected  events. 
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ARCTIC  ZONE 
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Fig.  4.  Histograms  showing  the  detection  capability  of  the 
KON  HGLP  system  for  events  from  The  Arctic  Zone  and 
The  Atlantic  Ocean.  Hatched  areas  represent  un- 
detected events. 
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Histograms  showing  the  detection  capability  of  the 
KON  HGLP  system  for  events  from  the  Mediterranean 
Area  and  the  Iran-Af ghanistan  Area.  Hatched  areas 
represent  undetected  events. 
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Fig.  6.  Histograms  showing  the  detection  capability  of  the 
KON  IIGI.P  system  for  events  from  the  Hindu  Kush  and 
Pamir  region.  Shallow  events  (h  < 100  km)  are  shown 
in  the  bottom  histogram.  Hatched  areas  represent 
undetected  events. 
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Kongsberg  ZHI-recording  20  August  1973,  20:07:00  - 

20.12.00.  Ihis  event  has  not  been  reported 
other  agency . 


by  any 


tike  iff  wrnnLs 

040474  0440-0440  CON  NH2  REGION  715 


Fig.  8.  Kongsberg  recordings  and  amplitude  spectra  of 

Tadzhik  event  4 April  74,  04:20:01.8.  = 5.1, 

depth  --  21  km,  azimuth  = 89.5°,  distance  = 43.4°. 
ZHI  component  top,  N1II  bottom. 


HZ 


Fig.  9.  Kongsberg  recordings  and  amplitude  spectra  of 

Tadzhik  event  6 April  74,  20:19:36.9.  mfc  = 5.2, 
depth  = 84  km,  azimuth  = 90.8°,  distance  = 45.4°. 
ZHI  component  top,  NH1  bottom. 


Fig.  10.  Kongsberg  recordings  and  amplitude  spectra  of 

Southern  Sinkiang  event  24  January  73,  03:20:20:2. 

= 5.1,  depth  = 33  km,  azimuth  = 79.3°, 
distance  = 47.3°.  ZHI  component  top,  NHI  bottom. 


10  DE 1C  72  KON  Ziil 


and  NH1 

ions  10  December 
01:22:57.8 


j 


0*0574  2824  - 2234  70N  NHI  RL010M  348 


TIME  IN  MI HUTC 


Kongsberg  recordings  and  amplitude 
event  4 Kay  74,  22:08:24.5.  = 4 
azimuth  = 117.2°,  distance  = 38.9°. 
top,  NHI  bottom. 


spectra  of  Iran 
.5,  depth  =46  km, 
ZH1  component 
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Fig.  16.  The  upper  two  traces  show  the  Kongsberg  LPz- 
High  gain  recordings  of  the  Kazakh  events 
. 10  Dec.  1972  and  23  July  1973  respectively. 

When  the  traces  arc  lined  up  at  the  points  of 
time  where  they  should  coincide  according  to  the 
NOAA  epicentral  coordinates  and  origin  times 
they  turn  out  to  bo  about  180°  out  of  phase. 

Note  the  good  fit  throughout  the  wave  trains 
when  the  upper  recording  is  flipped  over  (bottom) . 
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Fig.  17.  The  NORSAR  LPN-recordings  from  the  Kazakh  events 
and  the  same  instruments  put  on  top  of  each 
other.  The  heavy  lines  represent  the  event  of 
lu  Dec.  1972.  We  notice  that  there  is  a very 
good  fit  between  the  Love  wave  trains  when  they 
are  put  on  top  of  each  other  at  the  expected 
times  of  arrivals,  contrasting  with  what  is 
found  for  the  corresponding  Rayleigh  wave  trains 
(Fig.  19).  Cfr.  Fig.  lb  for  identification  of 
the  instruments  useu. 


38 


Ko M6SBtR6  L PN  1^ 


lobecmz  NOZSfiR  LPN 


0^:4^:  00 


0|:3<VSO 


COCO- 


Fig.  18.  Comparison  of  the  Kongsberg  LPN  high  gain  and 
one  of  the  N0R5AR  LPN-recordings  of  the  Love 
wave  trains  of  the  10  Dec.  1972  event  and  of  the 
23  July  1973  event. 

Note  the  much  stronger  excitation  of  long  period 
Love  waves  of  tne  1972  event.  Also  note  the 
complexity  in  the  coda  of  the  1973  event. 
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Fig.  19.  A comparison  of  some  of  the  NORSAR  LP'2-rocordings 
from  the  Kazakh  explosions  or.  10  Dec.  1972 
04:27:08.4  and  23  July  1973  01:22:57.8.  On  the 
top  figure  the  corresponding  recordings  at 
LP-sites  02C04  , 03C03,  04C05,  05C03  and  06C02 
from  the  two  explosions  have  been  put  on  top  of 
each  other,  after  adjusting  to  common  expected 
arrival  time.  The  heaviest  line  represents  the 
1973  event. 

On  the  lower  figure  each  trace  of  the  July  1973 
explosion  has  been  reversed  in  polarity  and 
adjusted  along  the  time  axis  to  get  the  best  fit. 
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20.  The  NORSAR  LPEW-recordings  from  sites  01AC1, 
01B00  and  02B01  of  the  Kazakh  explosion 
10  December  1972  together  with  the  amplitude 
reversed  version  of  the  23  July  1973  event. 
The  corresponding  traces  have  been  slightly 
displaced  in  order  to  compare  the  details  in 
the  wave  trains. 


H.iyh  resolution  wave  n unbar  spectra  at  trenuoncy 
0.07  Hz  f rorr,  the  NS-componcnts  of  the  NORSAR 
long  period  array,  23  July  1973  01:42:00  (left) 
and  01:43:00. 

The  circles  represent  velocities  of  4 (inner 
rincj)  ana  3 km/s. 


